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ABSTRACT
We find soft X-ray emission lines from the X-ray binary Swift J1858.6–0814 in data
from XMM-Newton-RGS: Nvii, Ovii and Oviii, as well as notable residuals short of
a detection at Ne ix and other higher ionisation transitions. These could be associated
with the disc atmosphere, as in accretion disc corona sources, or with a wind, as has
been detected in Swift J1858.6–0814 in emission lines at optical wavelengths. Indeed,
the Nvii line is redshifted, consistent with being the emitting component of a P-
Cygni profile. We find that the emitting plasma has an ionisation parameter log(ξ) =
1.35 ± 0.2 and a density n > 1.5 × 1011 cm−3. From this, we infer that the emitting
plasma must be within 1013 cm of the ionising source, ∼ 5×107rg for a 1.4M neutron
star, and from the line width that it is at least 104rg away (2 × 109(M/1.4M) cm).
We compare this with known classes of emission line regions in other X-ray binaries
and active galactic nuclei.
Key words: accretion, accretion discs – X-rays: binaries – black hole physics – stars:
neutron
1 INTRODUCTION
A variety of emission and absorption lines are frequently ob-
served in X-ray binaries; these provide constraints on various
aspects of the system. Several physical components have the
necessary conditions to produce these lines: particularly the
plasma above the accretion disc. This may be the optically
thin upper layers of the accretion flow, as seen in X-ray
emission lines from Accretion Disc Corona (ADC) sources
(e.g. Cottam et al. 2001; Kallman et al. 2003), in which the
surface layers of the disc evaporate and become extended
? Email: d.j.k.buisson@soton.ac.uk
(White & Holt 1982; Miller & Stone 2000; Jimenez-Garate
et al. 2002). Alternatively, it may be from a disc wind mov-
ing away from the central source (e.g. Ueda et al. 1998).
Such winds are an important part of many accreting sys-
tems: their power and mass flow rates can be comparable to
the luminous power and mass accretion rate (Neilsen et al.
2011; Ponti et al. 2012; Casares et al. 2019) and they can
have a significant impact on their environment (e.g. Fender
& Mun˜oz-Darias 2016). However, many aspects of the ori-
gin and geometry of winds are still uncertain. Differenti-
ating when material is ejected in a wind and when it re-
mains bound to the system can show the conditions under
c© 2020 The Authors
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Figure 1. XMM-Newton-pn lightcurve of Swift J1858.6–0814. Observations 0831791201 and 0831791701 are shown in red and blue
respectively; they are separated by around 20 days. The inset shows a zoom of the region marked in grey. The flare marked with the
arrow reaches 255 cts/s. The frequent, rapid flaring displayed in these observations is typical of Swift J1858.6–0814.
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Figure 2. Continuum subtracted plots of the mean spectrum of both observations unfolded to a smooth model. Each panel shows a
region of the spectrum containing a likely line; the most probable transition, along with its rest wavelength, is indicated.
which winds occur and hence help to determine how they
are driven.
There are several means of driving X-ray binary winds:
magnetocentrifugal acceleration of gas (e.g. Blandford &
Payne 1982; Miller et al. 2006a); radiation pressure (e.g.
Icke 1980; Proga & Kallman 2002); and thermal expansion
of the atmosphere (e.g. Begelman et al. 1983; Woods et al.
1996). To distinguish between these requires observational
constraints on plasma properties which differ between the
possibilities.
In the X-ray band, winds are most commonly in-
ferred from blue-shifted absorption features (e.g. Dı´az Trigo
& Boirin 2013); these include highly ionised species (e.g.
Fexxv/Fexxvi). Deep observations show that X-ray ab-
sorbing winds can consist of several distinct components,
with higher ionisation typically occurring at higher velocity
(e.g. Miller et al. 2016). Sometimes, these features also have
evidence for corresponding redshifted emission (e.g. Schulz
& Brandt 2002; King et al. 2015; Miller et al. 2015), giving
the full line a P-Cygni profile.
Winds are often also detected as asymmetric emis-
sion features from recombination lines in the optical, which
may have absorption in their blue wings, (Mun˜oz-Darias
et al. 2016, 2018), again forming a P-Cygni profile. The red
emission/blue absorption ‘P-Cygni’ profile is expected from
outflows such as disc winds (e.g. Dorodnitsyn 2009, 2010;
Puebla et al. 2011) as only material in front of the source,
moving towards the observer, absorbs the primary contin-
uum while material moving away from the observer re-emits
light in all directions.
Whether the winds detected in the optical and X-ray
wavebands are manifestations of the same process or sep-
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arate phenomena, possibly with different launching mecha-
nisms, is not yet known. Observing wind properties of the
same object in multiple wavebands is key to resolving this.
1.1 Swift J1858.6–0814
Swift J1858.6–0814 is a recently discovered (Krimm et al.
2018) X-ray binary which shows P-Cygni line profiles in
its optical spectra (Munoz-Darias et al. 2019; Mun˜oz-Darias
et al. 2020). Its outburst has been long-lasting, being first
detected on 25th October 2018 (Krimm et al. 2018) and on-
going at the time of writing (Hare et al. 2019; Rajwade et al.
2019; Buisson et al. 2020a), which has provided the opportu-
nity for extensive observations with many instruments across
a wide range of bandpasses. Recent detections of Type I X-
ray bursts show that Swift J1858.6–0814 has a neutron star
accretor (Buisson et al. submitted); these bursts exhibit pho-
tospheric radius expansion, allowing a distance estimate of
∼ 15 kpc; and periodic eclipses have been found, showing
that Swift J1858.6–0814 is viewed at high inclination (Buis-
son et al. 2020b). Before 2020, a common property of essen-
tially all observations was atypically large variability.
Radio emission showed variability by up to a factor
of 7 − 8 within 20 minutes and is consistent with a com-
pact jet; the variability is likely due to mass accretion rate
fluctuations rather than discrete ejecta (Bright et al. 2018;
van den Eijnden et al. 2020). Optical variability included
changes by factors of several within minutes (Vasilopoulos
et al. 2018) and fast flares, which are stronger at longer
wavelengths (Paice et al. 2018). The wind absorption also
changed in strength and terminal velocity, with changes not
clearly related to the continuum variability (Mun˜oz-Darias
et al. 2020). Such changes also occur in other systems, (e.g.
Prinja et al. 2000; Kafka & Honeycutt 2004).
The rapid X-ray variability in Swift J1858.6–0814 was
extremely strong, occasionally changing by a factor of more
than two hundred within a few seconds (Fogantini et al. in
prep.), which contrasted with the relatively stable long-term
average flux. The X-ray spectra of Swift J1858.6–0814 are
also unusual in their hardness (Γ ∼ 1.5) and show strong,
variable obscuration (Reynolds et al. 2018; Hare et al. 2020).
This is reminiscent of previous outbursts of the unusual X-
ray binaries V4641 Sgr (Wijnands & van der Klis 2000;
Revnivtsev et al. 2002) and V404 Cyg (Gandhi et al. 2016;
Walton et al. 2017; Motta et al. 2017).
In this paper, we present high resolution soft X-ray spec-
tra of Swift J1858.6–0814 from the XMM-Newton Reflection
Grating Spectrometer (RGS) . We describe the available ob-
servations and their reduction in Section 2; give results in
Section 3; and consider their implications in Section 4.
2 OBSERVATIONS AND DATA REDUCTION
We analyse the two XMM-Newton (Jansen et al. 2001) ob-
servations of Swift J1858.6–0814, focussing on the RGS data.
These have OBSIDs 0831791201 and 0831791701, taken on
2018 March 23 and April 13 respectively. Hereafter, we re-
fer to these as observations 201 and 701. We reduced the
RGS data with the XMM-Newton SAS, version 17.0.0. Us-
ing rgsproc, we extracted source spectra from regions in-
cluding 95% of the PSF and the background from outside of
99%. We do this for both RGS 1 and 2 and spectral orders 1
and 2. This produced spectra with exposures of 58 and 45 ks
respectively.
To retain the maximum information in the spectrum,
we use the unbinned data, discarding channels labelled by
rgsproc as bad. When fitting, we leave the different cam-
eras, spectral orders and observations as separate data sets,
fitting jointly where relevant. The low counts in each channel
necessitates using the statistic of Cash (1979), which treats
the Poisson data accurately. We perform fits in isis version
1.6.2-43 (Houck & Denicola 2000).
We also extract a 0.2 − 10 keV light curve from the
pn data for illustrative purposes, using evselect and epi-
clccorr. We include events with PATTERN<=4, using
columns 33 − 41 for the source and 55 − 63 as background
(the observation was taken in timing mode).
3 RESULTS
We begin by showing the light curve of each observa-
tion (Figure 1). This shows strong, rapid flaring as occurs
throughout the outburst of Swift J1858.6–0814. This flaring
dominates the variability while the long-term flux is more
stable. Therefore, we initially produce a mean spectrum for
the whole campaign (the effect of variability on the spec-
trum is considered in Section 3.2). The most prominent fea-
tures in the RGS spectrum are several apparent emission
lines (Figure 2); the significance of these lines and the con-
clusions which can be inferred from them are the focus of
this paper. To give a visual overview of the spectral shape,
we also show the mean RGS spectrum of both observations
combined summed across both detectors and orders, as raw
counts and unfolded to a constant model (in νFν, i.e. a Γ = 2
power law), in the upper and middle panels of Figure 3.
3.1 Identification of emission lines
To consider the significance of the emission lines in an un-
biased way, we begin by performing a line scan, adding an
unresolved Gaussian of fixed wavelength to a smooth contin-
uum and recording the fit improvement at each wavelength.
We use a continuum of a blackbody, since this was found
to be the dominant spectral component at these energies
by Hare et al. (2020). We also tried including a powerlaw
(which is dominant at higher energies) or using an absorbed
disc-blackbody, but this turns out to make negligible differ-
ence.
The resulting fit improvements are shown in the bot-
tom panel of Figure 3. This shows clearly detected lines at
around the rest wavelengths of Ovii and Nvii. Since these
are known wavelengths of two of the most common lines, one
need not consider the look-elsewhere effect for the full wave-
length range tested. There is also a weaker feature at Oviii;
the fit improvement would correspond to approximately 3σ
if treating the change in statistic as a simple likelihood ratio
but since this is not always reliable, (e.g. Protassov et al.
2002) more careful treatment of the significance is required.
Furthermore, there are many features with a change of fit
statistic, ∆C, between 4 and 9. These are not robust detec-
tions as the number of wavelengths tested (several hundred
resolution elements) would be expected to produce several
MNRAS 000, 1–10 (2020)
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Figure 3. Combined RGS spectrum of Swift J1858.6–0814 (rebinned for plotting). Top: Background subtracted spectrum of both
observations combined, shown as detected counts summed over all detectors and orders. Second row: unfolded to a Γ = 2 power law to
remove the effect of the detector effective area. Bottom row: improvement in fit statistic from adding a narrow Gaussian to a continuum
model. The magnitude gives ∆C and the sign shows the nature of the additional line: positive represents additional emission; negative
represents absorption. Ovii and Nvii are clearly detected; given these, Oviii is detected at the expected wavelength. Plausible transitions
(grey) exist for all features with ∆C > 4.
such features by chance. However, they will still play a role in
determining the best-fitting plasma models so we note the
ion of the common transition which fits each such feature
most closely in Figure 3.
3.2 Significance and properties of lines
We now perform a more detailed analysis of the most likely
lines. We consider the clearly detected lines (∆C > 9) –
Oviii, Ovii and Nvii – along with the strongest tentative
line, Ne ix (apart from Sixiv, which is at the edge of the
bandpass).
For each line, we use local models of a smooth contin-
uum along with a narrow line. We fit a power law to the data
within the region covering ±2 A˚ of the line, with a Gaussian
allowed to be broadened and have a small redshift from the
rest wavelength of the line. For the He-like ions (Ne ix and
Ovii), we use a triplet of three Gaussians with a common
width and redshift, but independent strengths. We gener-
ate posterior distributions for line parameters with Markov
Chain Monte-Carlo (MCMC) chains. For each line, we pro-
duce a MCMC chain for each observation separately and for
both observations combined. We generate chains with 100
walkers per free parameter and 5000 steps, using the imple-
mentation in ISIS of the implementation of Foreman-Mackey
et al. (2013) of the method of Goodman & Weare (2010). We
use flat (uninformative) priors on each parameter. We allow
the line strength to be positive or negative such that the
resulting posterior distribution gives the probability of an
emission feature. The resulting parameters are shown in Ta-
ble 1; we do not show Ne ix since the inferred line strength
includes 0, so the width and redshift are not meaningful.
We find that the probabilities of each line showing emission
match the order of the ∆C values: Ne ix has only a 75%
chance of being an emission line; the Nvii line is the most
likely at 99.97%.
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Table 1. Properties of emission lines in the combined RGS data. Errors are 90% credible intervals.
Ion O VIII O VII NVII
Transition 1s1−2p1 1s2−1s12p1 1s1−2p1
P (Line strength > 0) 0.989 0.994 0.9997
Line strength/10−6 photons cm−2 s−1 8+10−7 13
+9
−8 9
+5
−4
Redshift/10−3 1± 9 1.5+5.6−4.2 2.2+2.2−2.0
Velocity/km s−1 400+2900−2700 450
+1700
−1250 650
+680
−600
Width/A˚ < 0.27 < 0.11 < 0.13
Width/km s−1 < 4300 < 1600 < 1600
PD
F
Ne IX
PD
F
O VIII
PD
F
O VII
10 0 10 20 30 40 50
Line strength (10−6photons/cm−2/s)
PD
F
N VII
Figure 4. Posterior distributions of emission line strengths. For
He-like triplets, the sum of all components is shown. Obs 2 is
shown in red dashed; Obs 7 in blue dotted; and the combined ob-
servation in purple. Shaded regions, solid and dashed lines denote
68, 95 and 99.7% HPD credible regions respectively.
We also extract posteriors on the width and redshift of
the lines. We find that in most cases, the values are con-
sistent with being at rest. However, the Nvii line shows
evidence for being redshifted (P (z > 0) = 0.94) and if the
lines are assumed to have the same redshift, the combined
probability reinforces this to P (z > 0) = 0.96. This may
have a contribution from instrumental systematic errors or
the source radial velocity but if intrinsic to the source could
be because the full line profile is a P-Cygni profile from a
wind, with the absorbed blue side of the line shifting the line
centroid redward.
We also test for variability of the detected lines by com-
paring the posteriors between the two observations. For each
species, the 90% credible intervals from the two observa-
tions overlap, so the line strengths are consistent with re-
maining constant between the observations. Similarly, for
no line is there a significant probability that one particu-
lar observation is brighter than the other (the probabilities
that Obs 201 has a brighter line than Obs 701 being: 0.43
for Ne ix; 0.08 for Oviii; 0.17 for Ovii; and 0.86 for Nvii).
We also search for variability of the lines within an observa-
tion, in particular with the continuum flux. We do this by
splitting the RGS exposure based on the 0.7 − 10 keV flux
from the pn data. Even when split into only two flux states,
this does not place interesting constraints on the variability
in terms of either line flux or equivalent width.
3.3 Gas density from the O VII triplet
To derive physical properties of the plasma, we can ei-
ther consider the most important transitions individually
or use models of the full spectrum. Full models maximise
the spectral information used and reduce the effect of possi-
ble contamination of an individual feature but require more
assumptions (for example relative abundances) about the
plasma. We begin by considering parameters which may be
constrained using the most strongly detected transitions and
model the full spectrum in Section 3.5.
The Ovii feature at around 22 A˚ is actually a triplet,
with components at 21.60, 21.80 and 22.10 A˚. The relative
strength of these components is sensitive to the ionisation
mechanism and density of the gas (Porquet et al. 2001).
The resonance (r, w, 22.1 A˚) line is strong in collisional-
dominated (thermally ionised) plasmas and weak in photo-
ionised plasmas. The relative strength of the forbidden (f, z,
21.6 A˚) and intercombination (i, x+y, 21.8 A˚) lines depends
on the density, with forbidden being strong at low density
and intercombination and high density (the relevant density
range is ne = 10
10− 1012 cm−2). Here, the intercombination
line is strongest, implying high-density photoionised plasma
(since Oviii and Nvii are detected with at most a small
wavelength shift, it is unlikely that the apparent intercom-
bination line is a blueshifted forbidden line).
We use the theoretical line ratios calculated by Porquet
et al. (2001) to quantify this, comparing with the measured
MNRAS 000, 1–10 (2020)
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Figure 5. Constraint on density from the Ovii triplet. Bottom
panel: probability density of the forbidden (z) to intercombination
(x+ y) ratio; the vertical line marks the 95% upper limit. (Obs 2
is shown in red dashed; Obs 7 in blue dotted; and the combined
observation in purple). Top panel: relation between line ratio and
density, showing the corresponding lower limit to the density.
line ratio from the MCMC chains calculated in Section 3.1.
Figure 5 shows the constraint on density, from the ratio R =
z/ (x+ y). Since the forbidden line is not detected, the ratio
R is only constrained as an upper limit, which corresponds
to a lower limit on the density. This shows that ne > 4.1×
1010 cm−3 at 95% credibility.
We also apply this method to the Ne ix line, but the
line detections are not strong enough to provide a density
constraint.
3.4 Ionisation from O VIII/O VII ratio
The degree of ionisation of the plasma is reflected in the
relative strengths of lines from different ionisation states of
the same element. Here, we can use the relative flux in the
Ovii and Oviii lines.
We calculate the relative strengths of the Ovii and
Oviii lines at different ionisation parameters using the xs-
tar package, version 2.5 (Kallman & Bautista 2001). We
calculate spectra over the range ξ = 3 − 300 erg cm s−1 in
3 2 1 0 1 2 3
log(fOVIII/fOVII)
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Figure 6. Constraint on the ionisation parameter from the Oviii
to Ovii ratio. Bottom panel: probability density of the line flux
ratio (Obs 2 is shown in red dashed; Obs 7 in blue dotted; and the
combined observation in purple); the shaded regions and vertical
lines mark 1σ (68%) and 2σ (90%) credible intervals respectively
for the combined observation. Top panel: relation between line
ratio and ionisation parameter, showing the corresponding con-
straints on the ionisation. The black and grey lines show plasma
densities of n = 1010 and n = 1012 cm−3 respectively; this has
only a very small effect.
20 logarithmically spaced steps and extract the flux for each
line from the line luminosity file. We use an illuminating con-
tinuum based on fits to the NuSTAR spectrum (Hare et al.
2020) of observations in the same state as analysed here: a
cut-off powerlaw with Γ = 1.5 and ECut = 30 keV. We use
Solar abundances and a density n = 1012 cm−3.
We then compare these predicted ratios with the ratio
measured in the MCMC chains produced in Section 3.1. The
distribution for each observation is shown in Figure 6. This
gives log(ξ) = 1.2+0.5−0.6 for observation 201, log(ξ) = 1.4
+0.3
−0.2
for observation 701 and log(ξ) = 1.3+0.3−0.2 (90% HPD) for the
combined dataset.
We also test the effects of density by repeating this pro-
cess for n = 1010 cm−3 but find that this has a very weak
effect (Figure 6). While the components of the Ovii triplet
change, their total flux remains similar in comparison to
Oviii.
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3.5 Photoionised emission modelling
As well as constraining the plasma properties from indi-
vidual lines, we use a photoionisation model to model the
full spectrum. Using xstar, we construct a table model
for the emission component with density and ionisation as
free parameters. We use 25 logarithmic steps over n =
1010−1013 cm−3 and ξ = 3−1000 erg cm s−1, with the same
input continuum and ancillary parameters as in Section 3.4.
We fit a single instance of the emission component from
this grid, along with a blackbody+powerlaw continuum
model. However, the powerlaw component is consistent with
having zero flux (within 90% errors) so we do not consider
it further. The fit improvement of the model with emission
over pure continuum is ∆C = 25. We also test the addition
of a second photoionised emission component but do not
find a significant improvement (∆C = 1.7 for 3 degrees of
freedom).
Best-fit parameters are given in Table 2. The values
of density, log(n/cm3) > 11.2, and ionisation parameter,
log(ξ/erg cm s−1) = 1.35± 0.2, for the combined dataset are
consistent with those measured from individual transitions.
We also perform a MCMC analysis based on this model.
The posterior density for each parameter is shown in Fig-
ure 7 and the median and HPD credible intervals in Table 2.
This shows that there are no strong degeneracies between
parameters and the derived values are similar to those found
with traditional fitting methods.
3.6 Derived properties
From the quantities we have already measured, we may also
place constraints on other important physical properties of
the system. The distance from the source to the emitting
plasma can be inferred by combining the luminosity, density
and ionisation parameter:
R =
√
L/nξ
We have already measured the ionisation and placed a lower
limit on the density. The distance to Swift J1858.6–0814
has been estimated from the flux during photoshperic ra-
dius expansion of Type I X-ray bursts (Buisson et al. 2020b,
Buisson et al. submitted) as around 15 kpc. This gives a lu-
minosity L ∼ 2 × 1038 erg s−1 (NuSTAR spectra taken at
the times of the XMM-Newton spectra show a similar flux
to that analysed in Hare et al. 2020). Combining this with
the lower limits to density and ionisation from observation
701 gives R . 1013(D/15 kpc) cm, corresponding to 5×107rg
for a 1.4M neutron star.
A lower limit to the proximity of the emitting gas can
be set by considering the amount of broadening observed in
the line. Taking the line width as comparable to the Keple-
rian velocity gives r/rg ∼ (c/v)2; since the line may also be
broadened by other effects, this estimate is a lower limit to
the proximity of the emitting gas. For the most strongly con-
strained Nvii line, r > 4× 104rg = 8× 109(M/1.4M) cm.
4 DISCUSSION
We have found photoionised gas in Swift J1858.6–0814 with
emission lines from Ne ix, Ovii, Oviii and Nvii. From the
properties of these lines, we can infer various physical pa-
rameters of the gas and its role in the accretion system of
Swift J1858.6–0814; it is likely to either be a hot accretion
disc atmosphere or a component of the wind which is seen
in other wavebands. The various constraints are discussed
below.
We find that the density of the emitting plasma is
ne ≥ 1.5 × 1011 cm−3. While the effect of UV radiation
on He-like triplet line ratios may bias our density measure-
ment, high densities have also been found in X-ray absorbing
winds from around black hole XRBs using Fexxii line ratios
(11.77 A˚,11.92 A˚; see Mauche et al. 2003), e.g. ∼ 1014 cm−3
(Miller et al. 2006a, 2008); 1016−17 cm−3 (Miller et al. 2014).
Our limit is also consistent with other measurements of emit-
ting plasma in X-ray binaries (Cottam et al. 2001; Kallman
et al. 2003; Psaradaki et al. 2018) and is dense compared
to many astrophysical objects. These constraints are how-
ever far from a typical binary disc value ∼ 1020− 1022 cm−3
(Svensson & Zdziarski 1994; Tomsick et al. 2018; Jiang et al.
2019) so the emission is unlikely to be from the photosphere
itself.
A similar emission component to that found here is de-
tected by Psaradaki et al. (2018) in the neutron star LMXB
EXO 0748–676: they find a similar ionisation to that found
here and use several He-like triplets to infer a plasma den-
sity of > 1013 cm−3. These lower ionisation components
(compared to many other XRBs), may be common but less
studied due to Galactic absorption (Costantini et al. 2012;
Dı´az Trigo & Boirin 2016). Psaradaki et al. (2018) also find
a higher ionisation (log(ξ/erg cm s−1) ∼ 2.5) component,
which could have an equivalent in Swift J1858.6–0814 re-
sponsible for the residuals matching higher ionisation transi-
tions that we find. A deeper high-resolution soft X-ray spec-
trum would be required to test this.
The upper limit on the distance (1013 cm∼ 5 × 107rg)
of the emitting plasma from the neutron star is not highly
constraining. For example, a typical launching radius seen
in absorbing winds is 103− 104rg (e.g. Kallman et al. 2009).
Similarly, where a disc wind is invoked as the material for
the broad line region in AGN, it typically exists at around
103−4rg (Tremaine et al. 2014). However, these sizes are typ-
ically for absorbing material detected with higher ionisation,
which is likely to occur closer to the central source: the emis-
sion observed here could very well be located further from
it.
We also have a lower limit on the size of the emitting
region from the narrowness of the lines: this implies that the
majority of the Nvii emission comes from r > 4× 104rg. It
is possible that the lines are emitted closer to the neutron
star with broader profiles but their blue wing is absorbed.
However, absorbing the whole of the blue side would only
allow for a change by a factor of ∼ 2 in velocity and ∼ 4 in
radius. This distance constraint is at the upper end of AGN
BLR radii, so the component we observe may be closer to
an analogue of an AGN NLR (in terms of scale in rg; AGN
NLR densities are much lower, typically< 105 cm−3 Bennert
et al. 2006).
As well as the size, we can also consider the shape of
the emitting material. Disc winds in binaries are predicted to
include material ejected in all directions (e.g. Higginbottom
et al. 2018); the denser regions producing X-ray signatures
are believed to be predominantly equatorial, since they are
MNRAS 000, 1–10 (2020)
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Figure 7. Posterior density plots from photoionisation modelling. Normalisations are the xspec values. Shaded regions, solid and dashed
lines denote 68, 95 and 99.7% HPD credible regions respectively.
Table 2. Parameters of fits to photoionisation models. Normalisations are the xspec definitions; errors are given at 90% confidence. We
also show the values derived in previous sections from individual lines, which are consistent with the results from full photoionisation
modelling.
Dataset Obs 201 Obs 701 Combined Combined
Method Photoionisation model fitting From individual lines
log(n/cm−3) > 10.6 > 10.5 > 11.3 > 10.6 (95%)
log(ξ/erg cm s−1) 1.3+1.2−0.5 1.5
+0.5
−0.4 1.3
+0.4
−0.2 1.3
+0.3
−0.2
Blackbody kT/keV 0.43+0.06−0.05 0.47
+0.07
−0.06 0.44
+0.05
−0.03 −
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usually seen in absorption in high inclination sources (Boirin
et al. 2005; Miller et al. 2006a,b; King et al. 2012; Ponti et al.
2012). Swift J1858.6–0814 shows periodic eclipses, which
shows that it is at high inclination (> 70◦, Buisson et al.
2020b, Buisson et al. in prep.). This can explain the emis-
sion line properties (c.f. Charles et al. 2019): if much of the
X-ray continuum is blocked by the disc, even a modestly
high scattering atmosphere will produce observable emis-
sion lines. In this situation, the unusually strong variability
of Swift J1858.6–0814 can be explained as variable obscura-
tion from surface of a rough disc viewed at very high incli-
nation: as the material in the disc orbits, thicker obscuring
regions move into and out of the line of sight. Also, the sur-
face of the disc will include more dense material, which can
maintain sufficiently low ionisation to produce optical ab-
sorption features. This scenario may be able to explain the
observed optical wind (Mun˜oz-Darias et al. 2020).
We also find some evidence for the emission lines being
redshifted (P (z > 0) = 0.96)), largely due to the Nvii line
(P (z > 0) = 0.96)). This may include contributions from
the absolute calibration of the RGS and the radial velocity
of the source. The RGS is calibrated to 6 mA˚1, correspond-
ing to ±80 km s−1 at the wavelength of Nvii. There is no
evidence for significant radial velocity in the optical spectra
(Mun˜oz-Darias et al. 2020) and most X-ray binaries have a
radial velocity of . 100 km s−1 (Gandhi et al. 2019). Allow-
ing a conservative 200 km s−1 for these effects still leaves a
likely redshift, P (z > 200 km s−1) = 0.89. If there is an in-
trinsic source redshift, it could be due to the blue wing of the
line being absorbed to form a P-Cygni profile as is also seen
in the optical spectra (Mun˜oz-Darias et al. 2020). If this is
the case, the redward extent of the line can be used to esti-
mate the wind velocity: combining the width of the line with
its redshift gives v ∼ 2000 km s−1, similar to other wind ve-
locities. An alternative interpretation is that the line is emit-
ted by gravitationally redshifted or infalling material: Miller
et al. (2014) find (although in a compromised observation)
redshifted absorption components in MAXI J1305–704 cor-
responding to the free-fall and gravitational redshift of ma-
terial at around 500rg. Since the lines observed here are seen
in emission, an inflow is less likely since there would need to
be a large central structure blocking the blueshifted emis-
sion from the far side. Alternatively, the redshifted emission
could occur where the accretion stream impacts the disc, as
suggested by Psaradaki et al. (2018).
To directly confirm the X-ray P-Cygni profile by ob-
serving the absorption would require unfeasibly long RGS
observations, but could be possible with brighter sources or
future telescopes with larger effective areas.
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